Abstract. The sue effect on the phase transition was studied by a flexible resonance method in BaTi03 thin films . The different transitional behaviors were observed in the measurements of internal fiction in the films with different thickness. The stress in the films plays an important role in sue effect of thin film. It was also confirmed by the measurement of Raman spectrum .
INTRODUCTION
Ferroelectric thin f i l m has excellent optical , piezoelectric and pyroelectric properties [l] [2] [3] . BaTi03 is a typical ferroelectric material with the useful properties of high dielectric constant and spontaneous polarization. So, it has received much attentions in recent years. The sue effects in ferroelectric materials have been found and studied since Kanzig et al [4] [5] studied the dielectric properties of ferroelectric ultrafie particles. The interest in size ei'fects has been increased with the development of fabrication and investigation of ferroelectric thin films recently. Kanata et a1 [6] pointed out that Tc of BaTi03 ' ceramics decreased with grain size and the dielectric constant E had a maximum at 10 p m grain sue . Kanzig [5] and Surowiak [7] studied the dependence of Tc or E on the grain size in BaTiO3 fine particles and thin films respectively . However, different researchers had different conclusions about the changes of E ,Ps( spontaneous polarization) , Tc and the order of phase transformation with the grain size and thickness. Each worker gave an explanation which emphasized either stress or surface layer corresponding to his experimental results. But a strong theory which can explain all these different experimental phenomena is still needed. BaTi03 is a typical perovskite materials .Its simple structure makes it easier for us to grasp the physical essence of a problem. In this paper , we report the measurements of the internal friction and Raman spe.ctrum in BaTi03 thin films with different thickness and the size effects in this films are also discussed.
EXPERIMENTAL
BaTi03 thin films were deposited on the Si substrates using RF-magnetic sputtering technique fiom a ceramic target [$] . The films with different thickness were got by different deposited time and then they were annealed at Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:19968172 800 " C for half an hour. The average dimension of the grains is about 50 nm.
The measurement of internal fiiction(1F) was formanced by a flexible resonance method. Usually, a few degrees difference of IF peak temperature was observed in different measuring cycle .
It showed the temperature of phase transformation of the films was less stable. The pumping and heating process during measurements has changed the distribution of the oxygen and the stress in the iilms. The stability of Tc for the 5 p m thick was better than that of 3 p film, which indicated the properties of thicker f 3 h were more stable since the ratio of the surface layers was smaller in thicker films. The Curie temperatures of 1 . 5~ 3pm and 5 p thick film were 110' C, 1 2 7 '~ and 133 O C during heating respectively. i. . Fig 2 shows cm -' correspond to the bulk materials 270 cm ", 520 cm " , 720 cm-' mode respectively. The former two were thought to belong to higher order Raman scattering [ll] . The peak around 720 mi1 mi t be attributed to A1 and E modes. The fiequencies of the peak are 3 10 cm-T 300 cm ,295 cm-I and 770
cm-' , 760 cm -' , 745cm -' for the film thickness of 5pm, 8 p and 10 p . i.e
The shift of fiequency was observed with the variation of the film thick. According to the experiments of Taguchi et al [12] and Fujimoto et al[11] on PbTi03 single crystal and BaTi03 thin films,when a hydrostatic press was applied ,the peak fiequency of Raman spectrum shifted to the lower fiequency. we attributed the observed shifts of Raman peaks of the films to higher fiequencies compared with bulk materials to tensile stress in the films. The thinner the film is, the more the Raman peaks shift to higher ii-equencies. Which indicated that tensile stress has more effects in thinner films. The measurements of internal friction and Raman spectrum in BaTiO3 thin film indicated that the size effect on phase transition ,such as shift of Tc et al, is attributed to the tensile stress in BaTi03 thin film i.e the stress in film is play an important role in size effect. Fig 3 shows the internal fiction and modulus at lower temperature in BaTi03 film with the thickness of 3 p and 5 p . An internal fiction peak was found at about 260 K. It was due to the transition fiom tetragonal to the orthorhombic phase.
Internal friction and modulus associated with the phase transition were measured in BaTi03 thin film with different thickness. Observed different trmsition behaviors were attributed to the different tensile stress in the films. 
